Nickel compounds are well established by epidemiologic studies as human carcinogens. Although the carcinogenicity of nickel compounds has been studied in experimental animals and in a variety of cultured mammalian cells, there are only sporadic reports of nickel-induced transformation of human cells. In attempts to study the mechanisms of nickel-induced carcinogenesis in human cells, an immortalized human osteoblastic cell line (HOS) that could not grow in soft agar or form tumors in athymic nude mouse was repeatedly treated with a water-soluble nickel compound (NiCI2) or a less water-soluble nickel compound crystalline (NiS). After three rounds of NiS treatments, there was an increase in anchorage-independent (Al) colony formation. This was not found in untreated or NiCI2-treated cells. Ten Al colonies obtained from NiS-treated cells were isolated. All of these clones showed changes in cell morphology, including the appearance of uniform polygon shape, growth in multilayers, and heavy staining with Giemsa. Most of these clones were retested for their ability to grow in soft agar and showed growth efficiencies of 5 to 50%. It has been shown by other investigators that aggregate growth is well correlated with tumorigenic potential in viral or chemical transformants of HOS cells. Four of seven tested NiS-transformed clones were able to form large aggregates compared to their untransformed counterparts, and continued to proliferate in aggregate form when they were plated on 0.9% agar. Current investigations focus on the molecular and genetic changes induced by nickel compounds in these human cells. -Environ Health Perspect 102(Suppl 3):289-292 (1994).
Introduction
The inhalation of nickel compounds leads to the formation of lung, sinonasal, and laryngeal carcinomas in nickel refinery workers (1, 2) . Nickel compounds are also carcinogenic in experimental animals (3) . Inhalation is not the only administration route for tumor induction by nickel compounds. When particulate nickel was administered to animals intratesticularly, intramuscularly, and intrarenally, it caused tumors at these injection sites (4, 5) . In addition to tumor induction in whole animals, nickel compounds also induced morphologic and neoplastic transformation in various rodent cell systems such as Syrian hamster embryo (SHE) cells (6) , C3H/-1OT1/2 mouse embryo fibroblasts (7), 5019. and Chinese hamster embryo (CHE) cells (8) . In spite of their potent carcinogenicity, nickel compounds are not effective in inducing gene mutations in most mammalian and bacterial cell systems, but do cause DNA strand breaks (9), DNA-protein cross-links (9-11), and chromosomal aberrations (12, 13) . In studies of nickel-induced chromosomal aberrations it was shown that nickel preferentially damages heterochromatin (14) .
While the carcinogenicity of nickel compounds has been extensively studied in experimental animals and in a variety of cultured mammalian cells, there are only sporadic reports of nickel carcinogenesis in cultured human cells. Recently, Kumar cells were rinsed three times with serumfree medium. Fresh a-MEM was added and the cells were allowed to grow to confluence. The cultures were split 1:10 and were then treated for a second time with 2 mg/ml NiS or 100 mM NiCl2 for 24 hr. They were again allowed to recover in fresh medium until the cultures reached 100% confluence. After a second subculture the cells were treated for a third time with 2 mg/ml NiS or 100 mM NiCl2 for 24 hr, and were allowed to proliferate. After the three separate nickel treatments, the cells were plated in soft agar and ten individual colonies were cloned and expanded into mass culture (HOS1-3/SA-N).
Assay for Anchorage Independence Growth
In the assay for anchorage-independence growth, 1 x 103 or 1 x I05 cells were plated in 5 ml 0.3% agarose in a-MEM, 10% fetal bovine serum overlaid onto a solid layer of 0.6% agarose in a-MEM with 10% fetal bovine serum. The cul- tures were maintained for 2 weeks and colonies larger than 0.1 mm (small) or >0.5 mm (large) were counted. The plating efficiency in agar was determined by dividing the number of colonies obtained per plate by the number of cells plated. Aggrgation Assay A 2-ml suspension of cells (1 x 105/ml) in a-MEM containing 10% fetal bovine serum was plated on top of 2 mL of 0.9% agarose in a-MEM, 10% fetal bovine serum in each well of a six-well tissue-culture plate. The plates were incubated in 5% CO2, 95% air, at 370C for 3 days. On the third day of culture, the cell suspension was collected and washed three times with serum free medium. The collected cell aggregates were resuspended into single cell suspensions in 0.025% trypsin and 0.02% EDTA for 5 min. The disbanded aggregates were resuspended in an appropriate volume and the cell numbers were determined.
Results
After repeated treatments with insoluble nickel compounds over a period of one month, no alterations in morphology and growth pattern were observed in the cul- Environmental Health Perspectives tured HOS cells. However, when these cells were plated in soft agar, NiS-treated cells had a plating efficiency of about 0.1%, whereas the control and NiCl2-treated cells did not form any true colonies (larger than 0.1 mm in soft agar). Ten of the NiS treated colonies were cloned from the soft agar and expanded to mass culture (HOS 1-3/SA-1, HOS1-3/SA-2, etc.). All these clones exhibited altered morphology, including dark staining with Giemsa and the acquisition of a uniform polygon shape in contrast to the flat epithelial like morphology of their parental cells (Figure 1 ). These clones also exhibited an alteration in their growth patterns, such that they grew in multilayers at high density and in aggregates at low cell density, whereas the parental cells grew in a sporadic manner (Figure 1 ). The eight tested clones exhibited high plating efficiency (5 to 50%) when regrown in soft agar, and most of them formed large colonies (>0.5 mm) ( Table 1) . When the nickel-treated and parental cells were plated in liquid medium above a 0.9% agar layer, cell attachment was prevented. Cell aggregates appeared within 24 hr after seeding. Four of the five clones that formed large colonies in soft agar also formed large cell aggregates, and these cell populations proliferated in the aggregate form over a 3 day period (Figure 2 ).
Discussion
Neoplastic transformation of cells in culture is one of the few systems that can be used to study the mechanisms of human carcinogenesis. To date most of the neoplastic transformation studies have been carried out using rodent cells such as Syrian hamster embryo cells and C3H/1OT1/2 cells. Although we do not understand the details, it is known that significant differences exist between rodent and human cells in their responses to carcinogens. In general, cultured human cells are more resistant than rodent cells to neoplastic transformation by carcinogens.
We have selected an immortal nontumorigenic human osteoblastic cell line, HOS TE 85 to study neoplastic transformation by nickel compounds. The 
